A novel, extremely halophilic archaeon, strain Y73
Hypersaline environments classified as thalassohaline and athalassohaline are inhabited by a great diversity of microorganisms adapted to life at high salt concentrations [1, 2] . High salinity requires micro-organisms to minimize water loss and balance osmotic stress. Haloarchaea accomplish this by concentrating intracellular solutes and by adaptations of their enzymes, which are of interest to biotechnology [3] . Most studies of hypersaline environments have been carried out on aquatic habitats, represented by salt lakes and solar salterns [2] . Species diversity analysis using a clone libraries approach has shown that numerous haloarchaeal species inhabit Yunnan salt mines (China) [4] . Recently, several novel taxa of haloarchaea were reported from those environments [5] [6] [7] . Here we carried out further research to identify more novel microbial species in these salt mines.
The samples used for strain isolation were collected from Yuanyonjing Salt Mine (101 54¢ 02.75¢¢ E 25 16¢ 49.61¢¢ N), Yunnan province, China. The rock salt samples (~30 g) comprising pebbles, basaltic pellets, sand and soil were dissolved in sterilized 5 % (w/v) NaCl solution (100 ml). The insoluble debris was removed by filtration (sterilized Whatman 3 MM). For the primary cultivation of haloarchaeal strains, we used AS-168 medium containing (g l [8] . The pH of the medium was adjusted by NaOH (1 M), and the medium was solidified by adding 2 % (w/v) agar powder prior to autoclaving. The pellucid filtrates were spread onto the solid media (1 ml for each plate). The dried Petri dishes were sealed with plastic films and cultivated at 38 C in an incubator. Representative colonies were picked and transferred to the same medium; after successive streaking, a pure culture was obtained and designated strain Y73
T . Phenotypic tests were performed according to the proposed minimal standards for the descriptions of new taxa in the order Halobacteriales [9] . Physiological and chemotaxonomic analyses were conducted using liquid or solidified AS-168 medium (pH 8.0) at 38 C. Growth was determined by monitoring the increase in optical density at 600 nm.
Colonies of strain Y73
T were circular (diameter 2-3 mm), glistening, smooth, convex (~1 mm in elevation) and orange after incubation for 3-4 weeks at 38 C. The morphology of cells grown on agar plates (after 2 weeks of incubation) was observed using a phase-contrast microscope (Olympus BX51 equipped with Olympus DP72 camera) and scanning electron microscope (Hiatchi SU8010) (Fig. S1 , available in the online Supplementary Material). Gram-staining was performed in accordance with the method described by Dussault [10] . The range of salinity was set from 5 to 30 % (w/v) with intervals of 5 % (w/v), while the range of pH was set from 5.0 to 9.0 with intervals of 0.5 pH units. The pH value was adjusted using different types of buffers (MES for pH 5.0-6.0, PIPES for pH 6.5-7.0, HEPES for pH 7.5-8.0, Tricine for pH 8.5 and CHES for pH 9.0; all at 50 mM). The temperature for detection of growth was set to 10, 15, 20, 25, 30, . Cells were Gram-stain-negative, non-motile, pleomorphic (0.5-0.7Â2.9-4.1 µm) and lysed in distilled water. Growth occurred at pH 6.0-9.0 with an optimum at pH 7.5-8. . Tests for catalase and oxidase activities and for the hydrolysis of starch, gelatin, casein and Tweens 80, 60, 40 and 20 were performed as described by Gonzalez et al. [11] . The strain was catalase-positive and oxidase-negative and did not hydrolyse starch, gelatin, casein or Tween 80, but it could hydrolyse Tweens 60, 40 and 20. Reduction of nitrate and nitrite was investigated by using sulfanilic acid and anaphthylamine reagents [12] , which gave negative results. H 2 S formation was detected using a filter-paper strip impregnated with lead acetate (10 %, w/v) [13] . Indole production from tryptophan, assessed as described by Oren et al. [9] , was negative.
Utilization of sugars and organic acids as sole carbon and energy source, and formation of acid from sugars were investigated in minimal medium [containing (g l ) [9] . After incubation for 2 weeks, cell growth was assessed by the optical density at 600 nm and acid formation from sugars was determined based on pH variation. The results are shown in the species description. The physiological and biochemical characteristics that distinguished strain Y73
T from closely related species in the genus Halorubrum [14] are shown in Table 1 . Polar lipids were extracted using the chloroform-methanol system and detected using one-dimensional TLC on aluminium-backed silica gel 60 plates (20Â20 cm; Merck) [15] . The TLC was performed in the solvent system of chloroform/methanol/acetic acid/water (85 : 22.5 : 10 : 4, by vol.). Glycolipids and phospholipids were detected by spraying with 0.5 % (w/v) a-naphthol in methanol/water (1 : 1, by vol.), after drying with sulfuric acid and ethanol (1 : 1, by vol.), and followed by heating at 120 C for 10 min. The plate was scanned immediately to record the results. Strain Y73
T contained sulfated diglycosyl diether-1 (S-DGD-1) as the sole glycolipid, and phosphatidylglycerol (PG), phosphatidylglycerol phosphate methyl ester (PGP-Me), phosphatidylglycerol sulfate (PGS) and phosphatidic acid as the phospholipids (Fig. S2) . The profile of the major glycolipids and phospholipids was similar to those of Halorubrum saccharovorum JCM 8865 T , the type species of the genus Halorubrum [14] .
Cells of strain Y73
T lysed in distilled water were used as the PCR template directly without any purification. The 16S rRNA gene was amplified with primer pair 18F (5¢-A TTCCGGTTGATCCTGCC-3¢) and 1518R (5¢-AGGAGG TGATCCAGCCGC-3¢) [16] . The rpoB¢ gene was amplified with the pair of degenerated primers HrpoB2 1420F (5¢-TG TGGGCTNGTGAAGAACTT-3¢) and HrpoA 153R (5¢-GGGTCCATCAGCCCCATGTC-3¢) [17] , while the ef-2 gene was amplified with another pair of degenerated primers EF-2f (5¢-ATGGGYMGACGHAAGAA-3¢) and EF-2r (5¢-GCBGGRCCRCGGTGGAT-3¢) [18] . The PCR products were purified with a DNA gel extraction kit (Axygen) and inserted into the cloning vector pMD-18T (TaKaRa) for sequencing. The 16S rRNA gene sequence (1459 bp) was taken as the query to search the public database via the online BLAST search tool (http://blast.ncbi.nlm.nih.gov/Blast. cgi) and the EzBioCloud [19] . Sequence similarity searches of the 16S rRNA gene of strain Y73
T (GenBank accession no. KX376707) showed that it was closely related to species of the genus Halorubrum, e.g. Halorubrum halophilum B8 T (98.1 %), Halorubrum lipolyticum 9-3 T (97.9 %), Halorubrum saccharovorum JCM 88645 T (97.6 %), and other members (<97.5 %). Similarity searches with the rpoB¢ gene (KX530065, 1830 bp) and ef-2 gene (KX530064, 1802 bp) were preformed with online BLAST tools (http://blast.ncbi. nlm.nih.gov/Blast.cgi). The results showed that the sequence of the rpoB¢ gene of strain Y73
T was closely related to Halorubrum lacusprofundi ATCC 49239 T (93.8 % similarity), while the sequence of the ef-2 gene was closely related to Halorubrum aquaticum CGMCC 1.6377 T (95.1 %).
DNA sequences used for the reconstruction of phylogenetic trees were retrieved from the public database. Multiple sequence alignments were performed using the CLUSTAL W program implemented in the BioEdit software [20] . Phylogenetic trees were reconstructed using the maximum-likelihood ( Fig. 1 ) and neighbour-joining (Fig. S3 ) algorithms in the MEGA 5 software [21] . The phylogenetic tree based on 16S rRNA gene sequences (Fig. 1a) showed that strain Y73
T formed an independent lineage that was different from the result revealed by sequence similarity searches. However, the closely related species of strain Y73 T on the phylogenetic tree based on rpoB¢ (Fig. 1b) and ef-2 gene sequences (Fig. S3c) were consistent with the results of similarity searches.
Based on the similarity searches and phylogenetic analysis, the seven closest related species of strain Y73 T were selected for comparison. The results of these comparisons are shown in Table 1 .
Chromosomal DNA of strain Y73
T was extracted and purified in accordance with the classic method described by Marmur [22] . The G+C content of the genomic DNA was inferred from the mid-point (T m ) of the thermal denaturation profile [23] using the equation of Owen and Hill [24] . The calculated DNA G+C content of strain Y73
T was 61.9 mol%. This value was the lowest among the selected species (Table 1) , but was within the range described for the genus Halorubrum (60.0-71.2 mol%; [25] ). DNA-DNA hybridization experiments were performed on a PerkinElmer Lambda 35 spectrophotometer equipped with a high-performance temperature controller (PTP-6 Peltier system; Perkin-Elmer) in accordance with the thermal denaturation and renaturation approach [26] . The DNA-DNA Reduction of nitrate to nitrite
Utilization of: placement of strain Y73 T in the genus Halorubrum. Relatively low sequence similarity and the differential physiological and biochemical characteristics listed in Table 1 clearly  distinguished strain Y73 T from the other closely related species. Thus, the above data indicate that strain Y73
T represents a novel species of the genus Halorubrum, for which the name Halorubrum trueperi sp. nov. is proposed. The type strain, Y73
DESCRIPTION OF HALORUBRUM TRUEPERI
T (=CGMCC 1.15503 T =JCM 31271 T ), was isolated from a salt mine in Yunnan, China. The DNA G+C content of the type strain is 61.9 mol% (T m ).
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